INTRODUCTION
============

Acute hepatitis A (AHA) is a viral infectious disease of the liver caused by hepatitis A virus (HAV). It is usually transmitted through the fecal-oral route and contaminated drinking water.[@b1-gnl-10-288] The incidence of HAV infection is high in regions with poor standards of hygiene. Initial symptoms of AHA are nonspecific and include fever, headache, fatigue, and often jaundice.[@b2-gnl-10-288] Unlike hepatitis B virus (HBV) or hepatitis C virus (HCV), HAV infection produces a self-limited, nonchronic disease. However, the mechanism underlying HAV-mediated disease is poorly understood.

Programmed death 1 (PD-1) and cytotoxic T lymphocyte antigen 4 (CTLA-4) are receptors in the CD28 family of costimulatory molecules but they provide inhibitory signals to T-cells.[@b3-gnl-10-288] PD-1 and CTLA-4 expression on HCV-specific T-cells results in impaired effector T-cell function,[@b4-gnl-10-288] while PD-1 expression was shown to correlate positively with HBV viremia.[@b5-gnl-10-288] Similarly, human immunodeficiency virus (HIV) persists in dysfunctional antiviral effector T-cells with increased PD-1 and/or CTLA-4 expression.[@b6-gnl-10-288]--[@b8-gnl-10-288] By contrast, little is known about the roles of PD-1 and CTLA-4 in patients with symptomatic AHA.

In this study, the expression of PD-1 and CTLA-4 during the symptomatic and convalescent phases of acute hepatitis was examined in T-cells from patients with symptomatic AHA and in those from patients with nonviral acute toxic hepatitis (ATH).

MATERIALS AND METHODS
=====================

1. Patients
-----------

Patients were recruited from the Department of Internal Medicine of Uijeongbu St. Mary's Hospital, Korea. Informed consent was obtained from all study participants and the study was approved by the hospital's Institutional Review Board. Three groups of patients were evaluated: those with symptomatic acute hepatitis due to HAV infection (seven patients), those with nonviral ATH (six patients), and five healthy controls. Exclusion criteria were excessive alcohol consumption, HBV, HCV, or HIV infection, autoimmune liver disease, Wilson's disease, or significant medical comorbidities. AHA was diagnosed based on the presence of serum IgM anti-HAV. Nonviral ATH was diagnosed based on the absence of viral markers (IgM anti-HAV, hepatitis B surface antigen, and anti-HCV) and signs of infection (fever and chills) in patients with an established history of drug toxicity. The following blood tests were performed at the time of admission: hemoglobin, platelet count, prothrombin time (PT), serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), and serum total bilirubin. The clinical characteristics of the AHA and ATH patients at the peak of hepatitis are shown in [Table 1](#t1-gnl-10-288){ref-type="table"}.

2. Isolation of peripheral blood mononuclear cells
--------------------------------------------------

Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Histopaque (Sigma Chemical, St. Louis, MO, USA) density centrifugation and cryopreserved as described previously.[@b9-gnl-10-288]

3. Immunophenotyping by flow cytometry
--------------------------------------

All fluorescent monoclonal antibodies were purchased from BD Bioscience (San Jose, CA, USA). The cells were stained with fluorescent antibodies according to the manufacturer's instructions. Briefly, PBMCs (1×10^6^) from the patients were incubated with the fluorescent antibodies, washed three times, and then fixed with 2% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA). The cells were then subjected to flow cytometry on a FACSCanto (Becton Dickinson, San Jose, CA, USA) and analyzed using FlowJo (Tree Star, Ashland, OR, USA), gating on live lymphoid cells based on forward and side scatter profiles, and 7-amino-actinomycin D staining. Compensations were established using single-color controls. Staining for the intracellular expression of CTLA-4 was done on permeabilized cells. PD-1 and CTLA-4 positivities were determined by comparison with the defined cutoff values obtained with unstained control cells (PD-1: 99.5%, CTLA-4: 99.9%) as previously described.[@b10-gnl-10-288],[@b11-gnl-10-288]

4. Statistical analysis
-----------------------

Clinical and immunological parameters in the different patient groups were compared using the nonparametric Mann-Whitney U test and Kruskal-Wallis test. Correlations were tested for statistical significance using the Spearman rank correlation. A p-value \<0.05 was considered to indicate significance.

RESULTS
=======

1. Symptomatic AHA is associated with increased PD-1 and CTLA-4 expression
--------------------------------------------------------------------------

PD-1 and/or CTLA-4 are overexpressed on the T-cells of patients with chronic HCV and HBV infections.[@b7-gnl-10-288] We therefore examined whether the expression of these inhibitory receptors is similarly increased in T-cells from patients with acute hepatitis. As shown in [Fig. 1](#f1-gnl-10-288){ref-type="fig"}, the expression of PD-1 by CD8 and CD4 T-cells was significantly higher (p=0.003 and p=0.018, respectively; Kruskal-Wallis test) in patients with symptomatic AHA than in either patients with nonviral ATH or healthy controls ([Fig. 1A](#f1-gnl-10-288){ref-type="fig"}). CTLA-4 expression was also significantly upregulated in the CD8 cells of AHA patients, whereas in their CD4 cells there was a similar, albeit nonsignificant trend (p=0.0007 and p=0.144, respectively; Kruskal-Wallis tests) ([Fig. 1B](#f1-gnl-10-288){ref-type="fig"}). These results showed that HAV infection is associated with the upregulation of the inhibitory T-cell costimulatory receptors PD-1 and CTLA-4, especially in CD8 T-cells.

2. PD-1 expression correlates directly with that of CTLA-4 in symptomatic AHA
-----------------------------------------------------------------------------

In the group of AHA patients, PD-1 expression correlated strongly with the expression of CTLA-4 (R^2^=0.859, p=0.001) ([Fig. 2A](#f2-gnl-10-288){ref-type="fig"}, right). [Figure 2B](#f2-gnl-10-288){ref-type="fig"} shows the representative expression of PD-1 and CTLA-4 by CD4 T and CD8 T-cells. The preferential expression of CTLA-4 by PD-1-positive T-cells was consistent with the strong association between these two inhibitory T-cell receptors.

3. PD-1 and CTLA-4 expression decreases dramatically during the convalescent phase of AHA
-----------------------------------------------------------------------------------------

We monitored the expression of PD-1 and CTLA-4 from the symptomatic phase until the end of the convalescent phase in patients with acute hepatitis. PD-1 and CTLA-4 were highly up-regulated during the symptomatic phase in patients with AHA but both decreased rapidly as these patients entered the convalescent phase ([Fig. 3A](#f3-gnl-10-288){ref-type="fig"}, right and B, right), suggesting a strong relationship between the clinical manifestations of AHA and the expression of immune inhibitory receptors of antiviral effector T-cells, such as PD-1 and CTLA-4.

4. CTLA-4 expression correlates with clinical parameters of liver injury in patients with acute hepatitis
---------------------------------------------------------------------------------------------------------

PD-1 expression on T-cells was not associated significantly with clinical parameters of liver injury, such as AST and ALT, in either AHA or ATH patients. Conversely, in both groups the expression of CTLA-4 correlated significantly with the levels of AST (R^2^=0.295, p=0.0337) ([Fig. 4A](#f4-gnl-10-288){ref-type="fig"}, far left) and ALT (R^2^=0.246, p=0.0419) ([Fig. 4B](#f4-gnl-10-288){ref-type="fig"}, far left). According to subgroups such as AHA and ATH, these correlations between CTLA-4 and AST or ALT were not significant, because of small sample size.

DISCUSSION
==========

The overexpression of PD-1 and CTLA-4 by antigen-specific T-cells from patients with chronic viral infections, including HIV, HBV, and HCV, has been demonstrated in several studies. The expression of these immune inhibitory receptors was shown to be associated with the functional impairment of T-cells,[@b5-gnl-10-288],[@b12-gnl-10-288],[@b13-gnl-10-288] suggesting that the prolonged expression of PD-1 and CTLA-4 is related to the chronicity of viral forms of hepatitis. In this study, we asked whether PD-1 and CTLA-4 were expressed by the T-cells of patients with AHA, which is a self-limited, acute, viral hepatitis. Indeed, T-cells from patients with AHA expressed significantly higher levels of PD-1 and CTLA-4 than cells from healthy controls. Interestingly, neither PD-1 nor CTLA-4 expression was increased in T-cells from patients with ATH; in fact, expression was similar to that in healthy controls. Our study is the first to compare PD-1 and CTLA-4 expression in AHA and ATH. The results suggest that the expression of these immune inhibitory receptors in hepatitis is related either to the etiology of the disease or to their induction by viral factors. The strong correlation between PD-1 and CTLA-4 expression in AHA ([Fig 2A](#f2-gnl-10-288){ref-type="fig"}, right) indicated that they are simultaneously expressed on the surface of T-cells from these patients. Similar results were obtained by Nakamoto *et al*.[@b4-gnl-10-288] regarding the expression of PD-1 and CTLA-4 on T-cells from patients with chronic hepatitis C. In addition, while both PD-1 and CTLA-4 were highly upregulated during the symptomatic phase of AHA, their expressions were dramatically reduced to the control level during the recovery phase. The Change of PD-1 or CTLA-4 could be associated with the changes of antiviral immune response in other viral diseases caused by HBV and HCV.[@b11-gnl-10-288],[@b14-gnl-10-288] Therefore, we hypothesized that the expression of PD-1 and CTLA-4 may correlate with clinical liver injury parameters such as AST and ALT. However, only the expression of CTLA-4, and not that of PD-1, was associated with the clinical parameters of liver injury, specifically, AST and ALT. In a recent report by Wang *et al*.,[@b15-gnl-10-288] the level of PD-1 correlated significantly with serum ALT in patients with chronic HBV infection. Thus, PD-1 and CTLA-4 could serve as useful biomarkers of the severity of liver injury, although we were not able to correlate the level of PD-1 with either AST or ALT, possibly because of the small sample size. Taken together our findings of the changing expression of PD-1 and CTLA-4 during the symptomatic and recovery phases of AHA point to the protective effects of these inhibitory molecules, perhaps by suppressing the activity of cytotoxic T-cells, thereby preventing the induced fulminant destruction of HAV-infected hepatocytes.
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![Increased frequencies of programmed death 1 (PD-1)+ or cytotoxic T lymphocyte antigen 4 (CTLA-4)+ T-cells from patients with symptomatic acute hepatitis A (AHA) compared to nonviral acute toxic hepatitis (ATH). (A) %PD-1+ (median: ATH, 3.6; AHA, 18.3; healthy, 1.6), %PD-1+/CD8, and %PD-1+/CD4 T-cells from six patients with nonviral ATH, seven patients with AHA, and five healthy controls. (B) %CTLA-4+ (median: ATH, 6.8; AHA, 23.5; healthy, 5.9), %CTLA-4+/CD8, and %CTLA-4+/CD4 T-cells from patients with nonviral ATH, AHA, and in healthy controls. \*p-values by Kruskal-Wallis; ^†^p-values by Mann-Whitney U test.](gnl-10-288f1){#f1-gnl-10-288}

![Direct correlation between programmed death 1 (PD-1) and cytotoxic T lymphocyte antigen 4 (CTLA-4) expression in symptomatic acute hepatitis A (AHA). (A) Correlation between PD-1 and CTLA-4 expression in nonviral acute toxic hepatitis (ATH) and in AHA. (B) Representative PD-1 and CTLA-4 expression on CD4+ and CD8+ T-cells.](gnl-10-288f2){#f2-gnl-10-288}

![Decreased programmed death 1 (PD-1) and cytotoxic T lymphocyte antigen 4 (CTLA-4) in the convalescent phase of acute hepatitis A (AHA). (A) %PD-1+ during the symptomatic and convalescent phases of nonviral acute toxic hepatitis (ATH) and AHA. (B) %CTLA-4+ during the symptomatic and convalescent phases of nonviral ATH and AHA.](gnl-10-288f3){#f3-gnl-10-288}

![Correlation between programmed death 1 (PD-1) expression, cytotoxic T lymphocyte antigen 4 (CTLA-4) expression and clinical liver injury parameters such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in all patients and in patients with nonviral acute toxic hepatitis (ATH) or acute hepatitis A (AHA). (A) Correlation between %PD-1 and %CTLA-4 T-cells and AST among all patients, patients with nonviral ATH and patients with AHA. (B) Correlation between %PD-1 and %CTLA-4 T-cells and ALT among all patients, patients with nonviral ATH and patients with AHA. The healthy controls were excluded.](gnl-10-288f4){#f4-gnl-10-288}

###### 

Clinical Characteristics of Patients with Acute Hepatitis

                                                                           Nonviral acute toxic hepatitis (n=6)   Symptomatic acute hepatitis A (n=7)   Healthy control (n=5)
  ------------------------------------------------------------------------ -------------------------------------- ------------------------------------- -----------------------
  Sex, male:female                                                         5:1                                    4:3                                   3:2
  Age, yr[\*](#tfn2-gnl-10-288){ref-type="table-fn"}                       36                                     34                                    32
  Peak AST, U/L[\*](#tfn2-gnl-10-288){ref-type="table-fn"}                 898                                    1,714                                 20
  Peak ALT, U/L[\*](#tfn2-gnl-10-288){ref-type="table-fn"}                 1,733                                  2,263                                 24
  Peak total bilirubin, mg/dL[\*](#tfn2-gnl-10-288){ref-type="table-fn"}   2.85                                   4.08                                  0.8
  IgM anti-HAV                                                             Negative                               Positive                              ND

AST, serum aspartate aminotransferase; ALT, serum alanine aminotransferase; HAV, hepatitis A virus; ND, not determined.

Median values.
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